Dried figs imported into the United States are sometimes rejected because of contamination with aflatoxin (3) . Its presence in foreign-produced figs suggests that aflatoxin could, under certain conditions, be present in domestic figs and pose a threat to domestic production. The Food and Drug Administration therefore instituted a sampling program for 13 domestic food products including figs (2) . Since aflatoxin is a potent carcinogen, it is imperative that the toxin be avoided (8) , but effective avoidance must presumably be based on knowledge of the conditions that favor aflatoxin production and accumulation. In particular, it is important to know the time and circumstances of fruit invasion by the causal fungus Aspergillus flavus Lk.
Aflatoxin contamination has been prevalent in plant seeds where A. flavus is a facultative parasite often preferentially colonizing embryos (7) . First reported in 1961 in peanuts (4) , aflatoxin has been commonly associated with peanuts, cereal grains, cottonseed meal, and milk from animals that have consumed such seeds. Fewer studies have been concerned with the invasion by A. flavus of living fruits destined for drying, and it is not completely clear whether the fungus is a pathogen of fruit as well as of seed. Whether A. flavus can parasitize living fruit tissue is a critical question. If A. flavus is a fruit pathogen, infection, colonization, and aflatoxin production would be expected in the orchard. If it is a strict saprophyte, one must look for faulty or inadequate methods of handling, drying, or storage, permitting fungus colonization of the dried commodity.
This study was done to determine: (i) whether A. flavus is pathogenic to fig fruits and, if so, at what stages are they susceptible; (ii) whether fig fruits are a good substrate for aflatoxin production and accumulation; (iii) the effect of drying speed on aflatoxin accumulation; and (iv) the role of dried-fruit beetles and/or other insects in establishment of the fruit infections.
MATERIALS AND METHODS
The culture of A. flavus Lk. used in these tests was obtained from Eli Crisan, Department of Food Science and Technology, University of California, Davis. Growth in rice medium verified its abundant production of aflatoxins B, and G,. Stock cultures were maintained on potato-dextrose agar slants held at about 7 C. Spores used for inoculations were produced by colonies growing on 75 ml of potatodextrose agar (Difco) in 300-ml Erlenmeyer flasks incubated for 2 to 3 weeks in an air-conditioned laboratory (22 to 24 C).
Spores were harvested from cultures by adding about 45 ml of Tween solution (2 to 3 drops of Tween 80 in 200 ml of sterile distilled water) to the culture flask. After the flask was swirled to wet and dislodge conidia, the spore suspension was transferred to a 50-ml centrifuge tube and centrifuged to form a pellet of spores. The spores were rinsed by resuspending in Tween solution, centrifuging, and decanting. After resuspension in fresh Tween solution, the concentration of spores was determined by comparing absorbance in a Bausch & Lomb Spectronic-20 colorimeter against a standard curve previously established for spore concentrations determined with a hemocytometer.
Most inoculations were made with a 1-ml syringe. One-tenth milliliter of a suspension containing 105 conidia was injected through the ostiole into the central cavity of the fig fruit (syconium). Used in inoculations in a few experiments were dry spores. Spores were harvested by vacuum from the surface of cultures by using a miniature cyclone spore collector (a description will be supplied upon request) containing sufficient talc to dry the spore surfaces. Spores were applied with a camel's-hair brush to the fruit surface or to the interior of bags containing fruits and insects.
Fresh fruit samples were divided and weighed. One portion was used for moisture determinations. The other portion was frozen for subsequent analysis for aflatoxin. The frozen sample was thawed and extracted by a procedure commonly used with peanuts, peanut meal, and peanut butter (1) . Briefly, the sample was blended in a Waring blender for 3 min in a 4% aqueous KCI-methanol solution. The concentration of the methanol was adjusted to 55% after taking into account the moisture in the sample. The volume in milliliters of the extracting solution was adjusted to be at least three times the weight in grams of the sample.
The blended sample was centrifuged, and the supernatant (volume noted for calculations) was transferred to an Erlenmeyer flask containing 10 ml of 20% lead acetate solution. Approximately 50 ml of filter aid was added. The sample was allowed to stand for 2 to 3 h before being filtered through a filter-aid pad in a Buchner funnel with use of vacuum. The filtered sample was transferred to a separatory funnel, and a volume of hexane was added equal to approximately one-third the volume of the sample. After shaking for 1 min, the phases were allowed to separate. The hexane was discarded and the sample was extracted three times with 30-ml portions of chloroform. The combined chloroform portions were washed with 30 ml of water by shaking the chloroform-water mixture in a separatory funnel for 1 min. The phases were allowed to separate and the chloroform was removed and evaporated to approximately 5 ml under N. in a 55 C water bath. The chloroform extract was transferred to a vial and evaporated to dryness under N., after which the vials were sealed and stored at about -10 C until analyzed. Volumes were measured where losses were possible throughout the extraction, and corrections were applied to obtain an accurate sample weight.
Initial analyses were by thin-layer chromatography, essentially as suggested in Method III, Official Methods of Analysis (1) firm-ripe; soft-ripe; and shriveled-ripe. Fruits classified as green had only partially changed from green to purple ("Mission" fruits) and green to yellow ("Kadota" and "Calimyrna"). Firm-ripe fruits were about fresh-market maturity and could be "eaten out of hand." Soft-ripe fruits had softened completely but without visible wilting, and shriveled-ripe fruits were still hanging on the tree but had developed a stretched, limber neck and were obviously wilted. In some cases, ripeness was further characterized by soluble-solids content of the fruits. The fig fruit to be tested was weighed and placed in a Waring blender with an equal quantity (in milliliters) of water. The soluble solids in the resulting diluted juice were measured with a refractometer. Soluble solids were expressed as percentage concentration in the undiluted juice.
To determine the susceptibility of fig fruits to invasion by A. flavus, fruits of the first crop of Mission were inoculated periodically, starting on 8 May, when they were green, hard, and about one-half final size.
Conidia (10w in 0.1 ml of water) were injected through the ostiole into the fruit cavity. Subsequent inoculations were on 21 May, 4 June, and 19 June. On the final date, many of the fruits were fully devdoped and had reached the "green" category. When harvested, on 2 July, fruits inoculated at each date were segregated into various ripeness classes. A portion of the fruits judged shriveled-ripe were allowed to dry in sunlight. All other fruits were frozen immediately after harvest and stored until analyses were performed.
In a second experiment, 200 fruits each of secondcrop Mission, Kadota, and Calimyrna were inoculated through the ostiole into the fig cavity as in the previous experiment. The fruits were nearly full size but still green. Twelve days later, when harvested, the fruits were divided into the ripeness classifications "green," "firm-ripe," and "shriveled-ripe." Four replicate samples of fruits (250 to 300 g of Mission, 170 to 250 g of Kadota, and 300 to 400 g of Calimyrna) representing each ripeness classification were frozen and stored until analyzed.
In a third series of experiments, to better assess the effect of the length of time between inoculation and drying on aflatoxin levels, firm-ripe Mission fruits were inoculated while on the tree and were variously treated: (i) allowed to dry in place on the tree in a manner similar to commercial practice; (ii) inoculated and harvested immediately; (iii) inoculated and harvested after 24 h; (iv) inoculated and harvested after 72 h. Artificial drying was started immediately after harvest by holding fruits in a low-humidity constant-temperature room at 35 C with air movement provided by fans.
A fourth experiment was devised to determine the influence of the dried-fruit beetle Carpophilus Results shown in Table 2 , a summary of the second Experiment, confirm the previous results in that green fruits contained little aflatoxin. Firm-ripe fruits contained high levels, and the shriveled-ripe fruits were highest of all in aflatoxin. Evidently, the shriveled-ripe fruits generally had the highest levels of aflatoxin because they had reached the susceptible firmripe stage the earliest and had been colonized by the fungus for the longest period. Fruits allowed to dry on the tree in the experiment assessing the effect of the length of time between inoculation and drying on aflatoxin levels showed the highest level of ,sg/g. Fruits inoculated but harvested immediately had only 0.05 i 0.02 gg/g, presumably indicating that little fungus colonization had occurred before growth was arrested by drying. Table 3 shows that in the experiment to determine the influence of beetles on relative aflatoxin accumulation after various methods of inoculation, all inoculated fruits accumulated aflatoxin. It is therefore evident that the foraging of dried-fruit beetles was not required to infect these very susceptible ripe fruits, since dry spores on the exterior of fig fruits readily caused infection without wounds from postinoculation insect activity. Although no evidence could be detected of fungus colonization or aflatoxin accumulation when fruits were green, they became very susceptible when ripe enough to be eaten out of hand. Rapid fungal colonization and aflatoxin accumulation presumably continued until fungal growth was stopped by lack of moisture in the dried fruit. Further, fig fruits accumulated , on a dry-weight basis, aflatoxin levels comparable to those found in peanuts, soybeans, sorghum, corn, wheat, rice, and cottonseed (5) .
Spores dusted on the surface of highly susceptible fruits were able to infect and colonize the fruits, suggesting that conidia of A. flavus are capable of penetrating the fruit skin rather than requiring a wound for entry. Several alternative possibilities exist, however, which might have permitted a wound pathogen to enter fruit readily. Minute wounds might have been present in the fruit skin. The foraging of microscopic animals, such as insects or mites, might have caused wounds not readily visible to the naked flavus on exterior fruit surfaces as well as by conidia carried into the interior of the fruit by insects. Further, temperature conditions generally prevailing during fruit harvest would seemingly be near ideal for growth of the fungus. Despite this high susceptibility of the fruit and the favorable conditions for infection and colonization, aflatoxin incidence in figs is generally believed to be low.
The reason for a low incidence is not readily evident. Possibly the fruit infection level is associated primarily with spore levels in and adjacent to orchards. The relatively low incidence possibly reflects poor conditions for fungus sporulation and/or inefficient spore dispersal.
